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(54) Shock-detecting apparatus for industrial vehicle

(57)  Ashock-detecting apparatus (1) for an industrial
vehicle has a shock-detecting means (21,22) that is fixed
to the industrial vehicle for detecting a shock and gener-
ating an output signal, a shock value computing means
(S105) for computing a shock value based on the output
signal which is received sequentially, a judging means
(S106) for judging whether or not the shock value is great-
er than a threshold value, a warning means (S120) for
generating a warning signal when the judging means

judges that the shock value is greater than the threshold
value and a threshold value setting means (7,30) for set-
ting the threshold value. The threshold value setting
means includes a displaying means (31) for displaying a
peak value in a predetermined period which allows a user
to read the peak value, wherein the peak value is deter-
mined by the computed shock value during the predeter-
mined period and a threshold value input means (41) for
inputting the threshold value manually.
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Description
BACKGROUND OF THE INVENTION

[0001] The presentinventionrelatesto a shock-detect-
ing apparatus for an industrial vehicle.

[0002] Japanese Patent Application Publication
2007-39213 discloses a shock-detecting apparatus for
an industrial vehicle such as a forklift truck, having a
shock-detecting sensor, a shock value computer, a judg-
ing device, a warning generator and a threshold value
setting unit.

[0003] The shock-detecting sensor is a shock sensor
fixed to an lifting device of a forklift truck so as to detect
a shock acting on a cargo loaded on an lifting device and
generate an output signal. Thus, the shock value com-
puter receives the output signals sequentially thereby to
compute the shock values respectively. The judging de-
vice judges whether or not the shock value is greater
than a threshold value. When the judging device judges
that the shock value is greater than the threshold value,
the warning generator outputs a warning signal. The
threshold value input unit allows a user to set an arbitrary
threshold value at the initialization or any other time.
[0004] The conventional shock-detecting apparatus
for the industrial vehicle as mentioned above compares
the sequentially computed shock values with the thresh-
old value sequentially while the forklift performs a loading
operation and the like. When the shock value is judged
to be greater than the threshold value, the warning gen-
erator outputs a warning signal with the result that the
user of the forklift prevents damage to the cargo or the
cargo collapse due to the excessive shock, and enables
to perform the loading operation safe.

[0005] A proper range for the shock value acting on
the industrial vehicle varies depending on where and how
the industrial vehicle is used. Therefore, when the user
installs the conventional shock-detecting apparatus with
the industrial vehicle and sets the threshold value, he is
apt to set the threshold value by trial and error. For ex-
ample, after the user sets an arbitrary threshold value
and operates the industrial vehicle actually, he may in-
crease or decrease a threshold value so as to pursue the
proper threshold value (trial and error) if wrong warning
signals are output. This may bring about a decrease in
reliability and it takes time to improve reliability after all.
In this aspect, although Japanese Patent Application
Publication 2007-39213 describes that the threshold val-
ue is decided based on the actual data operated by the
experienced drivers, the concrete method to decide the
threshold value is unclear and anyway it is still time-con-
suming to decide the threshold value.

[0006] The present invention is made to solve the
above problems of the prior art and to provide a shock-
detecting apparatus for an industrial vehicle which can
facilitate to decide the threshold value.
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SUMMARY OF THE INVENTION

[0007] A shock-detecting apparatus for an industrial
vehicle has a shock-detecting means that is fixed to the
industrial vehicle for detecting a shock and generating
an output signal, a shock value computing means for
computing a shock value based on the output signal
which is received sequentially, a judging means for judg-
ing whether or not the shock value is greater than a
threshold value, a warning means for generating a warn-
ing signal when the judging means judges that the shock
value is greater than the threshold value and a threshold
value setting means for setting the threshold value. The
threshold value setting means includes a displaying
means for displaying a peak value in a predetermined
period which allows a user to read the peak value, where-
in the peak value is determined by the computed shock
value during the predetermined period and a threshold
value input means for inputting the threshold value man-
ually.

[0008] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a schematic side view of a forklift truck with
a shock-detecting apparatus according to a pre-
ferred first embodiment of the present invention;

FIG. 2 is a schematic view of an operator’s cab of
the forklift truck with the shock-detecting apparatus
of the first embodiment;

FIG 3 is a schematic view of a multi display of the
forklift truck with the shock-detecting apparatus of
the first embodiment, showing a state in which
"Shock Value Monitor" page is displayed on a liquid
crystal display;

FIG 4 is a block diagram showing a structure of the
shock-detecting apparatus for an industrial vehicle
of the first embodiment;

FIG. 5 is a flow chart showing control of a "Shock-
Detecting Display Program" of the shock-detecting
apparatus of the first embodiment;

FIG 6 is a graph showing output change of shock
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value computed by a shock value computer of the
shock-detecting apparatus of the first embodiment;

FIG. 7 is a graph showing output change of the shock
value, peak value and maximum value computed by
the shock value computer of the shock-detecting ap-
paratus of the first embodiment;

FIG. 8 is a schematic view of the multi display of the
shock-detecting apparatus of the first embodiment,
showing a state in which "Threshold Input (Front -
Rear Direction)" page is displayed;

FIG 9 is a schematic view of the multi display of the
shock-detecting apparatus according to a second
embodiment of the present invention, showing a
state in which "Shock Value Monitor" page is dis-
played;

FIG 10 is a schematic view of the multi display of the
shock-detecting apparatus of the second embodi-
ment, showing a state in which "Threshold Auto Set
(Front - Rear Direction)" page is displayed and the
threshold value is indeterminate;

FIG 11 is a schematic view of the multi display of the
shock-detecting apparatus of the second embodi-
ment, showing a state in which "Threshold Auto Set
(Front - Rear Direction)" page is displayed and the
threshold value is determined;

FIG 12 is another schematic view of the multi display
of the shock-detecting apparatus of the second em-
bodiment, showing a state in which "Threshold Auto
Set (Front - Rear Direction)" page is displayed and
the threshold value is determined;

FIG 13 is a schematic view of the multi display of the
shock-detecting apparatus of the second embodi-
ment, showing a state in which "Threshold Auto Set
(Right - Left Direction)" page is displayed and the
threshold value is indeterminate;

FIG. 14 is a schematic view of the multi display of
the shock-detecting apparatus of the second embod-
iment, showing a state in which "Threshold Auto Set
(Right - Left Direction)" page is displayed and the
threshold value is determined;

FIG 15 is another schematic view of the multi display
of the shock-detecting apparatus of the second em-
bodiment, showing a state in which "Threshold Auto
Set (Right - Left Direction)" page is displayed and
the threshold value is determined;
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] Firstand second embodiments according to the
present invention will now be described with reference
to FIGS.1 through 15.

(First Embodiment)

[0011] A shock-detecting apparatus for an industrial
vehicle (hereinafter, merely referred to as shock-detect-
ing apparatus) 1 shown in FIG. 4 of first embodiment is
embodied into a forklift truck 100 shown in FIG. 1 repre-
senting an industrial vehicle.

[0012] The forklift truck 100 has a vehicle body 2, driv-
en and steered wheels 2A, 2B arranged in front and rear
portions of the vehicle body 2, an engine E installed inside
the vehicle body 2, an lifting device 3 standing in front of
the vehicle body 2 and an operator’'s cab 10 provided
above the vehicle body 2.

[0013] The lifting device 3 has a pair of masts 3A and
a pair of forks 3B (only one fork being shown in the draw-
ing) which are guided by the masts 3A and are driven by
a lift cylinder and a chain (not shown) thereby to move
up and down.

[0014] As shown in FIG. 2, in the front portion of the
operator's cab 10, a steering wheel 11 for operating
steered wheels 2B, a manual transmission shift lever for
switching driving force transmitted to the driven wheels
2A (not shown), a lift lever for operating the lifting device
3 (not shown), a tilt lever (not shown) and the like are
provided.

[0015] A multi display 30 is provided in the right of the
steered wheel 11. As an enlarged view of the display
shown in FIG. 3, the multi display 30 has a liquid crystal
display 31 and an input panel 41.

[0016] The liquid crystal display 31 is configured by a
dot-matrix in which each pixel is evenly provided in a grid
array. This type of the liquid crystal display is disadvan-
tageous in that each pixel is rather large and the refresh
cycle of the display screen is slow, e.g., several tens to
hundreds millisecond/cycle, however that type of the lig-
uid crystal display is usually used for a display in the
operator’s cab of e.g., a forklift truck, due to low cost.
[0017] The input panel 41 has first, second, third and
fourth buttons, 41A through 41 D arranged at the lower
side of the liquid crystal display 31. Due to the user’s
operation of the input panel 41, the information shown
on the liquid crystal display 31 is changed, or desired
values can be input to various control parameters. For
example, when the user presses the fourth button 41 D
below the characters "NEXT" at the lower right of the
screen of the liquid crystal display 31, the screen changes
tothe predetermined next page. The liquid crystal display
31 shows many pages in a predetermined order such as
"Operating Speed Monitor" page (not shown), "Fuelme-
ter/Odometer Monitor" page (not shown), Lifting device
Monitor" page (not shown), "Shock Value Monitor" page
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shown in FIG. 3,"Threshold Input (Front - Rear
Direction)" page shownin FIG. 8, "Threshold Input (Right
- Left Direction)" page (not shown) and the like.

[0018] AsshowninFIG1,the vehicle body 2 hasthere-
in a controller 7 controlling the engine E, the lifting device
3 and so on. The controller 7 has an input interface 11,
a CPU 10, a memory unit 13 and an output interface 12
as shown in FIG. 4.

[0019] The inputinterface 11 is connected to the input
panel 41, shock sensors 21, 22 and other devices 23
such as various sensors provided in e.g., the engine E
or the lifting device.

[0020] The output interface 12 is connected to the lig-
uid crystal display 31 and other devices 33 such as var-
ious actuators provided in e.g., the engine E, the lifting
device 3, a buzzer giving a warning tone at a step S120
in a shock-detecting display program (shown in FIG 5),
which is described below.

[0021] The memory unit 13 includes ROM, RAM, a
memory and the like. The memory unit 13 stores therein
a control program controlling operations of e.g., the en-
gine E or the lifting device 3, data obtained through the
inputinterface 11, and results computed in CPU 10 prop-
erly.

[0022] The CPU 10 is connected to the input interface
11, the memory unit 13 and the output interface 12. The
CPU 10 executes a control program stored in the memory
unit 13 and processes various data based on data ob-
tained through the input interface 11. Accordingly, the
CPU 10 sends control signals to various actuators pro-
vided in e.g., the engine E or the lifting device 3 through
the output interface 12, or sends image data to the liquid
crystal display 31.

[0023] While the forklift truck 100 with the above struc-
ture drives in the workshop with a lot of obstacles, it
changes the traveling direction and speed frequently.
The forklift truck 100 repeats loading operations such as
liting a heavy cargo, carrying it to a predetermined place
and unloading it. If the operator accelerates or deceler-
ates the forklift and change the traveling direction sud-
denly during the operation, the cargo may damage and
collapse or the forklift truck 100 itself may break down.
The forklift truck 100 of the first embodiment is provided
with a shock-detecting apparatus 1 which detects an ex-
cessive shock and generates a warning signal thereby
to enable the operator to take effective countermeasures
for the proper maintenance of the cargo and the forklift
truck 100. The following will describe the shock-detecting
apparatus 1 in details.

[0024] The shock-detecting apparatus 1 has shock
sensors 21, 22 and shares the controller 7 (input and
output interfaces 11,12, memory unit 13) and the multi
display 30 (liquid crystal display 31 and input panel 41)
with other system of the forklift truck 100. The memory
unit 13 stores therein a shock-detecting display program
(step 101-120) shown in FIG 5.

[0025] The shock sensors 21, 22 employ a one-axis
type accelerometer in the first embodiment. As shown in
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FIG. 1, the shock sensors 21, 22 are fixed in the vehicle
body 2 so as to detect a shock in "front and rear" and
"right and left" directions, respectively. When the shock-
detecting apparatus is activated, the shock sensors 21,
22 detect shocks as acceleration-change, acting on the
vehicle body in the "front and rear" and the "right and left"
directions respectively and generate voltage values as
output signals fluctuating in accordance with the accel-
eration- change. The CPU 10 receives the output signals
from the shock sensors 21, 22 through the input interface
11 ata quite-short sampling period and accordingly, com-
putes the shock values C based on the output signals in
a step S105 (to be described).

[0026] In the first embodiment, the sampling time for
the output signals of the shock sensors 21, 22 is set to
1 millisecond so as to detect the shock precisely. The
graph in FIG. 6 shows output change of shock value C
computed at each sampling time (1 millisecond). Each
dot "+" indicates the shock value C computed at the step
S105 in the shock-detecting display program. Since the
shock converges very quickly, the shock values change
in a pulse manner shown in FIG 6 when the shock acts
on the vehicle body 2.

[0027] The following will describe the procedure of the
shock-detecting display program (steps, S101 - S120)
shown in FIG. 5. When the shock-detecting apparatus 1
is activated, the CPU 10 starts executing the shock-de-
tecting display program. The shock-detecting display
program steps (S101 - S120) acting on the output signals
of the shock sensors 21, 22 respectively are the same
and executed simultaneously. Therefore, the following
will describe the procedure of the shock-detecting display
program (S101 - S120) acting on the output signal of only
the shock sensor 21, and the procedure for the shock
sensor 22 is omitted. The shock-detecting display pro-
gram (S101 - S120) executes the following procedure in
the background regardless of whether or not the page
displayed on the liquid crystal display 31 of the multi dis-
play 30 is switched to the "Shock Value Monitor" page
31A shown in FIG. 3. When the user operates to switch
the page displayed on the liquid crystal display 31, the
liquid crystal display 31 of the multi display 30 switches
the page to the "Shock Value Monitor" page 31A shown
in FIG. 3 thereby to allow the user to confirm peak and
maximum values A, D among shock values visually and
to adjust a threshold value S.

[0028] Atfirst, the peak value A is set to zero at a step
S101. The peak value A means the peak value among
the shock values C within a first predetermined period
which allows the user to read the value. The first prede-
termined period is preferably set to between 10 millisec-
ond and several seconds, and more preferably set to
between several tens milliseconds and several hundreds
milliseconds. In the first embodiment, the first predeter-
mined period is set to 500 milliseconds that enables the
user to read the value and also is not so long. 500 milli-
seconds are substantially the same as the update cycle
of the page displayed on the liquid crystal display 31
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(flashing cycle of each pixel composed of the dot matrix).
[0029] Thenthe step movesto S102 and the maximum
value D is set to zero. The maximum value of the shock
values C is stored as the maximum value D during an
period longer than the first predetermined period, where-
in the peak value A of the shock values C is updated.
The maximum value D can be reset by the operation of
the user at a step S115. The maximum value D may be
reset when the shock-detecting apparatus is activated.

[0030] Then the step moves to S103 and the first pre-
determined period counter is set to zero. Accordingly,
the first predetermined period counter starts to measure
an period time in accordance with a real-time clock of the
CPU 10.

[0031] Then the step moves to S104 and a buffer value
B is set to zero. The buffer value B is a temporary value
until the peak value A is determined.

[0032] Then the step moves to S105 and the latest
output signal of the shock sensor 21 is received to com-
pute the shock value C.

[0033] Then the step moves to S106 so as to judge
whether or not the latest shock value C is greater than
the threshold value S. The threshold value S is supposed
to be determined by default or by inputting a desired value
by the user through the "Threshold Input (Front - Rear)"
page 31B shown in FIG. 8. The following is described on
the assumption that the threshold value S is set to an
arbitrary value.

[0034] If the shock value C is not greater than the
threshold value S, the step judges "NO" at S106 and
moves to S107.

[0035] Onthe other hand, if the shock value C is great-
er than the threshold value S, the step judges "YES" at
S106 and move to S120. Then the step move to S107
after the warning signal is generated at S120. The CPU
10 executes an effective procedure for the maintenance
of the cargo and the forklift truck 100 and a procedure
S101 through S120 according to the shock-detecting dis-
play program simultaneously. For example, it is possible
to generate a control signalto a buzzer through the output
interface 12 so as to give a warning tone and record "time
and date" data in the memory unit 13. Furthermore, It is
possible to limit the vehicle traveling and cargo loading
speeds, and take a photo of the user.

[0036] Atthe step S106, whetherornotthe shock value
C is greater than the threshold value S is judged at every
sampling time, however different judging method may be
employed. For example, if the duration time of the state
in which the shock value C is greater than the threshold
value S continues N times longer than the sampling time,
it may be judged that the shock value C is greater than
the threshold value S.

[0037] When the process moves from S106 to S107
or from S120 to S107, the process judges whether or not
the latest shock value C is greater than a buffer value B.
[0038] If the latest shock value C is not greater than
the buffer value B, the process judges "NO" at S107 and
move to S109.
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[0039] On the other hand, if the latest shock value C
is greater than the buffer value B, the process judges
"YES" at S107 and move to S108. Then the latest shock
value C is assigned to the buffer value B as a temporary
peak value and the process moves to S109.

[0040] When the process moves from S107 to S109
or from S108 to S109, the process judges whether or not
the counter for measuring the first predetermined period
is more than or equal to 500 milliseconds.

[0041] If the counter for measuring the first predeter-
mined period is less than 500 milliseconds, the process
judges "NO" at S109 and returns to S105.

[0042] On the other hand, if the counter for measuring
the first predetermined period is more than or equal to
500 milliseconds, the step judges "YES" at S109 and
moves to S110. Then the buffer value B is assigned to
the peak value A at S110. Thus, the peak value A of the
shock values C during the first predetermined period (500
milliseconds) is determined by the above steps, S103
through S105 and S107 through S110.

[0043] Then the process moves to S111 and the peak
value A displayed on the liquid crystal display 31 is up-
dated. For example, if the peak value Ais 14.9 G, "Shock
Value Front - Rear Direction : 14.9 G" is displayed on the
"Shock Value Monitor" page 31A shown in FIG. 3.
[0044] Then the process moves to S112 and whether
or not the peak value A is grater than the maximum value
D is judged.

[0045] If the peak value A is not grater than the maxi-
mum value D, the process judges "NO" at S112 and
moves to S115.

[0046] On the other hand, if the peak value A is grater
than the maximum value D, the process judges "YES" at
S112 and moves to S113. Then the peak value A is as-
signed to the maximum value D at S113. Thus, the max-
imum value D of the shock values C which are computed
at S105 is determined at the steps 112, 113, from S102
in which the maximum value is set to zero to the present
time.

[0047] Then the step moves to S114 and the maximum
value D displayed on the liquid crystal display 31 is up-
dated. For example, if the maximum value D is 15.0 G,
"Shock Value (Front - Rear Direction) MAX 15.0 G" is
displayed on the "Shock Value Monitor" page 31A shown
in FIG 3. Afterward, the step moves to S115.

[0048] When the step moves from S112 to S115 or
from S114 to S115, whether or not the user orders to
reset the maximum value D is judged. How the user or-
ders to reset the maximum value D may be decided vol-
untarily. In the first embodiment, when the user presses
the first button 41 A below the characters "CLR" at the
lower left of the "Shock Value Monitor" page 31A, an
order to reset the maximum value D is given.

[0049] If the order is not given by the user to reset the
maximum value D, the process judges "NO" at S115 and
moves to S103 and repeats the above procedure.
[0050] On the other hand, if the order is given by the
user to reset the maximum value D, the process judges
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"YES" at S115and moves to S102 and repeats the above
procedure after the maximum value D is set to zero.
[0051] FIG. 7 shows output change of the shock value
C, the peak value A and the maximum value D. After the
shock-detecting apparatus 1 is started, the shock value
C shows a wave-form in a pulse manner in accordance
with the occurrence of the shock. When 500 milliseconds
elapse after the start-up, the peak value A of the shock
values C is determined between 0 millisecond and 500
milliseconds. The peak value A of the shock values C
between 0 millisecond and 500 milliseconds is also as-
signed to the maximum value D. The peak value A and
the maximum value D are displayed on the "Shock Value
Monitor" page 31A.

[0052] When 1000 milliseconds elapse after the start-
up, the peak value A among the shock values C is de-
termined between 500 millisecond and 1000 millisec-
onds. Accordingly, the peak value A displayed on the
"Shock Value Monitor" page 31A is updated. In case of
FIG. 7, since the peak value A among the shock values
C between 500 millisecond and 1000 milliseconds is
smaller than that between 0 millisecond and 500 milli-
seconds, the maximum value D is not renewed.

[0053] Thus, the shock-detecting apparatus 1 updates
the peak value A and the maximum value D in corre-
spondence to the output signal of the shock sensor 21
in this manner and displays both on the "Shock Value
Monitor" page 31A according to the shock-detecting dis-
play program, S101 through S120. If the shock value C
is greater than the threshold value S, the warning signal
can be sent

[0054] The shock-detecting apparatus 1 also executes
the same procedure to the peak value and the maximum
value in correspondence to the output signal of the shock
sensor 22 and displays both on the "Shock Value Moni-
tor" page 31A and generates the warning signal properly.
[0055] In the shock-detecting apparatus 1 of the first
embodiment, when the user presses the fourth button
41D below the characters "NEXT" at the lower right of
the liquid crystal display 31 shown in FIG. 3, the page is
switched from the "Shock Value Monitor" page 31A to
the "Threshold Input (Front - Rear Direction)" page 31B
shown in FIG 8 and the user can input the threshold value
S for the shock sensor 21. With regard to the threshold
value S for the shock sensor 22, the user can switch the
page tothe "Threshold Input (Right - Left Direction)" page
(not shown) and input the threshold value in the same
manner. Since the procedure is the same as that taken
in case of the "Threshold Input (Front - Rear Direction)"
page 31B, the description is omitted.

[0056] As shown in FIG. 8, the threshold value S set
at present is displayed on the "Threshold Input (Front -
Rear Direction)" page 31B. The maximum value D is also
displayed to the right of the threshold value S. The user
can decrease the threshold value S by pressing the sec-
ond button 41B below the characters "DOWN" at the low-
er side of the "Threshold Input (Front - Rear Direction)"
page 31B. Similarly, the user can increase the threshold
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value S by pressing the second button 41C below the
characters "UP" at the lower side of the "Threshold Input
(Front - Rear Direction)" page 31B. The changing oper-
ation of the threshold value S is completed, if the user
switches the page to other page when the desired thresh-
old value S for the user is displayed on the "Threshold
Input (Front - Rear Direction)" page 31B,

[0057] The shock-detecting apparatus 1 of the firstem-
bodiment can detect the occurrence of the excessive
shock and generate the warning signal thereby to enable
the driver to take a proper procedure as described above.
Accordingly, the situation can be avoided in which the
cargo may damage and collapse, or the forklift truck 100
itself may break down.

[0058] In the shock-detecting apparatus 1 of the first
embodiment, the shock sensors 21, 22 that are fixed to
the forklift truck 100 correspond to a shock-detecting sen-
sor as a shock-detecting means for detecting the shock
and generating the output signal.

[0059] The step, S105 corresponds to a shock value
computer as a shock value computing means for com-
puting the shock value C based on the output signal which
is received sequentially. The shock value computer may
be realized by an electronic circuit.

[0060] The step, S106 corresponds to a judging device
as a judging means for judging whether or not the shock
value C is greater than the threshold value S. The judging
means may be realized by an electronic circuit.

[0061] The step, S120 corresponds to a warning gen-
erator as a warning means for generating the warning
signal when the step, S106 judges that the shock value
C is greater than the threshold value S. The warning gen-
erator may be realized by an electronic circuit.

[0062] The controller 7 and the multi display 30 corre-
spond to a threshold value setting device as a threshold
value setting means for setting the threshold value S.
The liquid crystal display 31 displaying the "Shock Value
Monitor" page 31A corresponds to a display as a display-
ing means for displaying the peak value A of the shock
values C in the first predetermined period which allows
the user to read the peak value. The peak value A is
determined by the computed shock value C during the
first predetermined period. The liquid crystal display 31
also displays the maximum value D on the "Shock Value
Monitor" page 31A, the "Threshold Input (Front - Rear
Direction)" page 31B and the "Threshold Input (Right -
Left Direction)" page (not shown). The liquid crystal dis-
play 31 further displays the threshold value S on the
"Threshold Input (Front - Rear Direction)" page 31 B and
the "Threshold Input (Right - Left Direction)" page (not
shown).

[0063] The input panel 41 corresponds to a threshold
value input unit as a threshold value input means for in-
putting the threshold value S manually.

[0064] The steps, S103 through S105 and S107
through S110 correspond to a peak value computing de-
vice as a peak value computing means for computing the
peak value A among the shock values C in the first pre-
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determined period. The peak value computing device
may be realized by an electronic circuit.

[0065] The steps, S112 and S113 correspond to a
maximum value storing device as a maximum value stor-
ing means for storing the maximum value D of the shock
values. The maximum value storing device may be real-
ized by an electronic circuit.

[0066] The step, S115 corresponds to a resetting de-
vice as a resetting means for resetting the maximum val-
ue D of the shock values by the operation of the user.
The resetting device may be realized by a button with an
electronic circuit.

[0067] In the shock-detecting apparatus 1 of the first
embodiment, the liquid crystal display 31 displays the
updated peak value A on the "Shock Value Monitor" page
31A, based on the shock values computed sequentially
in the step S105 during the first predetermined period.
The first predetermined period (500 milliseconds in the
firstembodiment) is readably set for the user. Thus, when
the user operating the forklift truck 100 with the shock-
detecting apparatus 1 sets the threshold value S, the
user can read the continually-changing peak value A of
the shock values for sure while operating the forklift truck
100 in various kinds of sites and under various kind of
environment. Therefore, the user can easily confirm a
range of the shock values C acting on the forklift truck
100.

[0068] When the user recognizes a big shock while
operating, the user can confirm the magnitude of the
shock immediately by looking at the "Shock Value Mon-
itor" page 31A. Conventionally, the user had to increase
and decrease the threshold value repeatedly so as to
pursue the proper threshold value (trial and error) if wrong
warning signals are output in case of operating the forklift
truck 100 after setting an arbitrary value as the threshold
value S. However, the frequency of adjusting the thresh-
old value S reduces because of the present invention,
with the result that the user can set the reliable threshold
value S easily so as to avoid the wrong warning signal.
[0069] Thus, the shock-detecting apparatus 1 of the
first embodiment facilitates the setting operation of the
threshold value thereby to improve the practical utility.
[0070] In the shock-detecting apparatus 1 of the first
embodiment, the peak value A of the shock values during
the first predetermined period is computed in the steps,
S103 through S105 and S107 through S110 and the liquid
crystal display 31 displays the updated peak value A on
the "Shock Value Monitor" page 31A. Therefore, the user
can see the continually-changing peak value A among
the shock values more reliably.

[0071] The shock-detecting apparatus 1 of the firstem-
bodiment stores the maximum value D of the shock val-
ues in the steps, S112, S113 and displays the maximum
value D on the "Shock Value Monitor" page 31A, the
"Threshold Input (Front - Rear Direction)" page 31 B and
the "Threshol Input (Right - Left Direction)" page (not
shown). Therefore, the user can easily recognize arange
of the shock values C acting on the forklift truck 100,
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based on the peak value A and the maximum value D,
thereby facilitating the setting operation of the threshold
value.

[0072] The maximum value D can be reset by the us-
er's order at the step, S115. Therefore, the shock-detect-
ing apparatus 1 of the first embodiment can be easily
applied to various kinds of sites and various kind of en-
vironment. For example, when the user performs the sim-
ulation test for the shocks acting on the forklift truck so
as to set the threshold value S, the user can recognize
the maximum value D more exactly during the test if he
resets the maximum value D immediately before the test.
[0073] Furthermore, the shock-detecting apparatus 1
of the first embodiment displays the threshold value S on
the "Threshold Input (Front - Rear Direction)" page 31B
and the "Threshold Input (Right - Left Direction)" page
(not shown). Therefore, the user can set the threshold
value S easily because he can change the threshold val-
ue S, confirming visually the threshold value S set at
present.

[0074] Since the forklift truck 100 with the shock-de-
tecting apparatus 1 of the first embodiment facilitates the
setting operation of the threshold value, the user can per-
form the loading operation more safe.

(Second Embodiment)

[0075] In the shock-detecting apparatus 1 of the first
embodiment, the liquid crystal display 31 displays the
"Shock Value Monitor" page 31A, the "Threshold Input
(Front - Rear Direction)" page 31B and the "Threshold
Input (Right - Left Direction)" page (not shown). On the
other hand, in the shock-detecting apparatus of the sec-
ond embodiment, the liquid crystal display 31 displays
the "Shock Value Monitor" page 31E (shown in FIG. 9)
and then the user can select the page between the page
for inputting the threshold value manually and the page
for setting the threshold value automatically. In case of
the page for inputting the threshold value manually, the
"Threshold Input (Front - Rear Direction)" page 31B and
the "Threshold Input (Right - Left Direction)" page (not
shown) are displayed, and in case of the page for setting
the threshold value automatically, the "Threshold Auto
Set Page (Front - Rear Direction)" 31F (shown in FIGS.
10-12) and the "Threshold Auto Set Page (Right - Left
Direction)" 31G (shown in FIGS. 13-15) are displayed.
Other structures of the second embodiment are the same
as the first embodiment. The following will describe the
"Shock Value Monitor" page 31E, the "Threshold Auto
Set Page (Front - Rear Direction)" 31F and the "Thresh-
old Auto Set Page (Right - Left Direction)" 31G, and the
description of other structures will be omitted.

[0076] Inthe shock-detecting apparatus of the second
embodiment, the shock-detecting display program
(steps, S101 - S120) is executed in the background as
in the shock-detecting apparatus 1 of the first embodi-
ment. If the user tries to switch the page, the page on the
liquid crystal display 31 of the multi display 30 is switched
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to the "Shock Value Monitor" page 31E shown in FIG. 9.
[0077] On the "Shock Value Monitor" page 31E, the
characters "Threshold Auto Set" and "Threshold Manual
Input" are displayed at the lower right of the page of the
liquid crystal display 31. The third button 41C is located
below the characters "Threshold Auto Set" and the fourth
button 41D is located below the characters "Threshold
Manual Input". Since other displays are the same as the
"Shock Value Monitor" page 31A (shown in FIG. 3) of the
first embodiment, the description is omitted.

[0078] When the page is switched to the "Shock Value
Monitor" page 31E, the user can confirm the peak and
maximum values A, D visually and adjust the threshold
value S.

[0079] Inthe second embodiment, in case of adjusting
the threshold value S, the user can select the page be-
tween the "Threshold Auto Set" page and the "Threshold
Manual Input" page.

[0080] When the user presses the fourth button 41D
below the characters "Threshold Manual Input”, the page
of the liquid crystal display 31 is switched to the "Thresh-
old Input (Front - Rear Direction)" page 31B and the
"Threshold Input (Right - Left Direction)" page (not
shown) in sequence. Thus, the user can set the threshold
value S by inputting the desired value manually as before-
mentioned.

[0081] On the other hand, when the user presses the
third button 41C below the characters "Threshold Auto
Set", the page of the liquid crystal display 31 is switched
to the "Threshold Auto Set Page (Front - Rear Direction)"
31F (shown in FIG. 10).

[0082] The maximum value Dinfrontandreardirection
is displayed at the center right of the "Threshold Auto Set
(Front - Rear Direction)" page 31F (e.g. "MAX 15.0 G").
At the left of the maximum value D, a display portion for
displaying the threshold value S in front and rear direction
is provided if the threshold value S value is determined.
Before the threshold value S in front and rear direction
is determined, the characters "--.- G" is displayed at the
display portion to show that the value is indeterminate.
[0083] At the lower extent of the "Threshold Auto Set
(Front- Rear Direction)" page 31F, the characters "Warn-
ing", "Not Warning" and "Not Set" are displayed side by
side. The switches 41B, 41C and 41D are located below
the characters "Warning", "Not Warning" and "Not Set",
respectively.

[0084] The characters"Warning" means thatthe warn-
ing signal is sent, if the maximum value D in front and
rear direction displayed at the "Threshold Auto Set (Front
- Rear Direction)" page 31F is detected as the subse-
quent shock value C in front and rear direction.

[0085] The characters "Not Warning" means that the
warning signal is not sent, if the maximum value D in front
and rear direction displayed at the "Threshold Auto Set
(Front - Rear Direction)" page 31F is detected as the
subsequent shock value C in front and rear direction.
[0086] When the user presses the fourth button 41D
below the characters "Not Set", the page of the "Thresh-
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old Auto Set (Front - Rear Direction)" page 31F finishes
without setting the threshold value S in front and rear
direction automatically. The page of the liquid crystal dis-
play 31 is switched to the "Threshold Auto Set (Right -
Left Direction)" page 31G shown in FIG 13. The details
in the "Threshold Auto Set (Right - Left Direction)" page
31G will be described later.

[0087] When the user presses the second button 41B
below the characters "Warning", the value computed by
multiplying the maximum value D in front and rear direc-
tion displayed at the center right of the "Threshold Auto
Set (Front - Rear Direction)" page 31F by a factor less
than 1 (0.9 in the second embodiment) is set as the
threshold value S in front and rear direction. Then, as
shown in FIG 11, the determined threshold value S in
front and rear direction is displayed at the left of the max-
imum value Dinfront and rear direction on the "Threshold
Auto Set (Front - Rear Direction)" page 31F. In case of
FIGS. 10 and 11, the threshold value "13.5" in front and
rear direction is determined by multiplying the maximum
value "15.0" in front and rear direction by "0.9".

[0088] When the user presses the third button 41C be-
low the characters "Not Warning", the value computed
by multiplying the maximum value D in front and rear
direction displayed at the center right of the "Threshold
Auto Set (Front - Rear Direction)" page 31F by a factor
more than 1 (1.1 in the second embodiment) is set as
the threshold value S in front and rear direction. Then,
as shown in FIG 12, the determined threshold value S in
front and rear direction is displayed at the left of the max-
imumvalue D in front and rear direction on the "Threshold
Auto Set (Front - Rear Direction)" page 31F. In case of
FIGS. 10 and 12, the threshold value "16.5" in front and
rear direction is determined by multiplying the maximum
value "15.0" in front and rear direction by "1.1".

[0089] Thus, when the threshold value S in front and
rear direction is determined on the "Threshold Auto Set
(Front - Rear Direction)" page 31F or when the user
presses the fourth button 41D below the characters "Not
Set", the page of the "Threshold Auto Set (Front - Rear
Direction)" page 31F finishes. Then the page of the liquid
crystal display 31 is switched to the "Threshold Auto Set
(Right - Left Direction)" page 31G shown in FIG 13.
[0090] The maximum value D inright and left direction
is displayed at the center right of the "Threshold Auto Set
(Right - Left Direction)" page 31G (e.g., "Max 13.6 G").
At the left of the maximum value D in right and left direc-
tion, a display portion for displaying the threshold value
S in right and left direction is provided if the value is de-
termined. Before the threshold value S in right and left
direction is determined, "-.- G" is displayed at the display
portion to show that the value is indeterminate.

[0091] At the lower extent of the "Threshold Auto Set
(Right - Left Direction)" page 31G, the characters "Warn-
ing", "Not Warning" and "Not Set" are displayed side by
side. The switches 41B, 41C and 41D are located below
the characters "Warning", "Not Warning" and "Not Set",
respectively.
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[0092] The characters"Warning" means thatthe warn-
ing signal is sent, if the maximum value D in right and left
direction displayed at the "Threshold Auto Set (Front -
Rear Direction)" page 31G is detected as the subsequent
shock value C in right and left direction.

[0093] The characters "Not Warning" means that the
warning signal is not sent, if the maximum value D in right
and left direction displayed at the "Threshold Auto Set
(Front - Rear Direction)" page 31G is detected as the
subsequent shock value C in right and left direction.
[0094] When the user presses the fourth button 41D
below the characters "Not Set", the page of the "Thresh-
old Auto Set (Right - Left Direction)" page 31G finishes
without setting the threshold value S in right and left di-
rection automatically. The page of the liquid crystal dis-
play 31 is switched to the next page.

[0095] When the user presses the second button 41B
below the characters "Warning", the value computed by
multiplying the maximum value D in right and left direction
displayed at the center right of the "Threshold Auto Set
(Right - Left Direction)" page 31 F by a factor less than
1 (0.9 in the second embodiment) is set as the threshold
value S in right and left direction. Then, as shown in FIG
14, the determined threshold value S in right and left di-
rection is displayed at the left of the maximum value D
inrightand leftdirection on the "Threshold Auto Set (Right
- Left Direction)" page 31G. In case of FIGS. 13 and 14,
the threshold value "12.2" in right and left direction is
determined by multiplying the maximum value "13.6" in
right and left direction by "0.9".

[0096] When the user presses the third button 41C be-
low the characters "Not Warning", the value computed
by multiplying the maximum value D in right and left di-
rection displayed at the center right of the "Threshold
Auto Set (Right - Left Direction)" page 31G by a factor
more than 1 (1.1 in the second embodiment) is set as
the threshold value S in front and rear direction. Then,
as shown in FIG. 15, the determined threshold value S
in right and left direction is displayed at the left of the
maximum value D in right and left direction on the
"Threshold Auto Set (Right - Left Direction)" page 31G.
In case of FIGS. 13 and 15, the threshold value "15.0" in
right and left direction is determined by multiplying the
maximum value "13.6" in right and left direction by "1.1".
[0097] Thus, when the threshold value S in right and
left direction is determined on the "Threshold Auto Set
(Right- Left Direction)" page 31G or when the user press-
es the fourth button 41D below the characters "Not Set",
the page of the "Threshold Auto Set (Right - Left Direc-
tion)" page 31G finishes. Then the page of the liquid crys-
tal display 31 is switched to the next page.

[0098] When the user presses the fourth button 41D
below the characters "Not Set" on the "Threshold Auto
Set (Front - Rear Direction)" page 31F or the "Threshold
Auto Set (Right - Left Direction)" page 31G, the threshold
value S in "front and rear" or "right and left" direction is
indeterminate. Separately, the user switches the page to
the "Threshold Input (Front - Rear Direction)" page 31B
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or the "Threshold Input (Right - Left Direction)" page (not
shown) and inputs manually the threshold value S in
"front and rear" or "right and left" direction.

[0099] In this case, the characters "Threshold Auto
Set" displayed at the lower side of the "Shock Value Mon-
itor" page 31E and the third button 41C correspond to a
selecting device as a selecting means. The characters
"Warning" and "Not Warning" which are displayed at the
lower extent of the "Threshold Auto Set (Front - Rear
Direction)" page 31F and the "Threshold Auto Set (Right
- Left Direction)" page 31G and the second and third but-
tons 41B, 41C correspond to an assigning device as an
assigning means. Both the selecting device and the as-
signing device may be realized by a button with an elec-
tronic circuit.

[0100] The same advantageous effects as in the
shock-detecting apparatus 1 of the first embodiment are
obtained in the shock-detecting apparatus of the second
embodiment.

[0101] Since the user can have a choice in which the
threshold value S is set based on the maximum value D
by a combination of the characters "Threshold Auto Set"
and the third button 41C as the threshold value inputting
means, the user dispenses with a time-consuming oper-
ation as compared with the case in which the user sets
the threshold value S by operating the input panel 41
directly. Therefore, the shock-detecting apparatus of the
second embodiment facilitates the user to set the thresh-
old value S.

[0102] Furthermore, in the shock-detecting apparatus
of the second embodiment, if the maximum value D dis-
played at the "Threshold Auto Set (Front - Rear Direc-
tion)" page 31F or the "Threshold Auto Set (Right - Left
Direction)" page 31G is detected as the subsequent
shock value C afterward, the user can decide whether or
not the warning signal is sent, by a combination of the
characters "Warning", "Not Warning" and the second and
third buttons 41B, 41C as the assigning device. In this
way, the shock-detecting apparatus of the second em-
bodiment can reflect the user’s needs.

[0103] The present invention is not limited to the first
and second embodiments but may be modified within the
scope of the appended claims.

[0104] Thoughthe system structure inthe firstand sec-
ond embodiments is simplified so as to describe short-
hand, the present invention is not to be limited to the
system structure in the block diagram shown in FIG 4.
More specifically, in the first and second embodiments,
the CPU 10 controls the liquid crystal display 31 and the
input panel 41 through the input and output interfaces
11, 12. However, the multi display 30 may have an inde-
pendent CPU controlling the liquid crystal display 31 and
the input panel 41. In this case, the displayed information
on the liquid crystal display 31, the warning signal order
and other information are transmitted each other through
communication between the CPU 10 and the independ-
ent CPU of the multi display 30. Accordingly, the same
advantageous effects as mentioned before in the present
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are obtained.

[0105] The presentinvention is applied to an industrial
vehicle.

[0106] A shock-detecting apparatus for an industrial
vehicle has a shock-detecting means that is fixed to the
industrial vehicle for detecting a shock and generating
an output signal, a shock value computing means for
computing a shock value based on the output signal
which is received sequentially, a judging means for judg-
ing whether or not the shock value is greater than a
threshold value, a warning means for generating a warn-
ing signal when the judging means judges that the shock
value is greater than the threshold value and a threshold
value setting means for setting the threshold value. The
threshold value setting means includes a displaying
means for displaying a peak value in a predetermined
period which allows a userto read the peak value, where-
in the peak value is determined by the computed shock
value during the predetermined period and a threshold
value input means for inputting the threshold value man-
ually.

Claims

1. A shock-detecting apparatus (1) for an industrial ve-
hicle comprising a shock-detecting means (21, 22)
for detecting a shock and generating an output sig-
nal, wherein the shock-detecting means is fixed to
the industrial vehicle, a shock value computing
means (S105) for computing a shock value based
on the output signal which is received sequentially,
a judging means (S106) for judging whether or not
the shock value is greater than a threshold value, a
warning means (S120) for generating a warning sig-
nal when the judging means judges that the shock
value is greater than the threshold value and a
threshold value setting means (7, 30) for setting the
threshold value, characterized in that
threshold value setting means includes a displaying
means (31) for displaying a peak value in a prede-
termined period which allows a user to read the peak
value, wherein the peak value is determined by the
computed shock value during the predetermined pe-
riod and a threshold value input means (41) for in-
putting the threshold value manually.

2. The shock-detecting apparatus for an industrial ve-
hicle according to claim 1, characterized in that
the threshold value setting means further includes a
peak value computing means (S103-S105, S107-
S110) for computing the peak value in the predeter-
mined period.

3. The shock-detecting apparatus for an industrial ve-
hicle according to claim 1 or 2, characterized in that
the threshold value setting means further includes a
maximum value storing means (S112, S113) for stor-
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10

ing a maximum value of the computed shock values,
wherein the displaying means displays the maximum
value.

The shock-detecting apparatus for an industrial ve-
hicle according to claim 3, characterized in that
the threshold value input means further includes a
selecting means (characters "Threshold Auto Set",
41C) for selecting by the user to set the threshold
value based on the maximum value or not.

The shock-detecting apparatus for an industrial ve-
hicle according to claim 4, characterized in that
the threshold value input means further includes an
assigning means (characters "Warning", "Not Warn-
ing", 41B, 41C) for setting the threshold value by
multiplying the maximum value by a factor, wherein
the factor is selected by the user in plural predeter-
mined ones if setting the threshold value is selected
by the selecting device.

The shock-detecting apparatus for an industrial ve-
hicle according to any one of claims 3 through 5,
characterized in that

the threshold value input means further includes a
resetting means (S115) for resetting the maximum
value.

The shock-detecting apparatus for an industrial ve-
hicle according to any one of claims 1 through 6,
characterized in that

the displaying means displays the threshold value.

The shock-detecting apparatus for an industrial ve-
hicle according to any one of claims 1 through 7,
characterized in that

the shock-detecting apparatus is mounted on the in-
dustrial vehicle.



EP 2 128 078 A1

11
//"?\\
[ ) |
C_IT 30
O@D B+ |— 41
~—110
—™\

11



EP 2 128 078 A1

FIG. 3

1A
4 ] ™
Shock Value Monitor |
Shack Value
Front-Rear Direction : 14.9G (Max 15.0 G) <]

nght-Left Direction : 12.3G (Max13.6G)| | 31
uLR (NEXT) 30

j 41

41 B 41 C 41 D
FIG. 4
21 22 23
/ / /
Shock Sensor Shock Sensor Other
i 2 Devices
30
1]
Multi Display Input Interface 411
=10
Input Panel
- Vo -1
Liquifi Crystal
Display 7 Qutput Interface 12
4'1 ( ‘
31 <7
1 Other
Devices [™33

12



EP 2 128 078 A1

FIG. 5

setting pesak value A of shock valugs to zero

5101

i:

setting maximum value D of shack values to zero

=

setting counter of predatermined period ta zero [~ 5103

[
setting buffer value B to zero t—'s 104

- S$102

computing shock value G by collecting the latest | $105
output signal

$120

shock value C > threshold value 8 2

rgenerating warning signal l

I updating buffer value B B=C

. predetermined period 2 500ms ?

_-S§110
determining peak value A A=B
¥ ,~L8111
updating peak value A displayed on liquid crystal
display

—$112 No

5113
—-S114

updating maxitum vaiue D D=A

S5

recelve signal to reset maximum
value D 7

Yes

13



EP 2 128 078 A1

FIG. 6

Maximum Value of
Shock Values

1000

Time [ms]
14

-.- \ ..... _ ...............
L SO
= T r - 1
] @& i : .
U - ] } A
_ - 3 | i 1 A
2 2| |- 3
£ " & - 1511
@ ] s 12
° - X1 |- o]o--o
E A V . e |- o g1t M
T . = | £ -“.l |||||||||||
So— | Va : &
. 1 . T I _
- L..m /.- PO N
F = I . -
a Nl - - .
- . ' [ SR — -
—~t_- -

10

TS DU 1. S

USRI R [P OPL JUGUIU QU Sy U IS [P S PO e i

/ 500

0

<t o ] — < To] - ™ — o

[D] enjeA 3o0ys [D] enjep yoousg



EP 2 128 078 A1

FIG. 8

'—‘\
Thrashold Input for Shock Warning /,.~—31 B
Threshold al

. R

Front-Rear Direction : 13.5G (Max 150 G) ~-31

(DoWwN) (L UP ) (NEXT)

Va 41

_/
41 41 B 41 C
31E

i ™\

Shock Value
Front—Rear Direction : 14.9G ( Max 150 G )

Shock Value Monitor [

he
Right-Left Direction : 12.3G ( Max 13.6 G) i NS

Threshold Threshold
Auto Set Manual Set

LJ QJ @ -]

15

30

30



EP 2 128 078 A1

FIG. 10
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FIG. 12
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